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ABSTRACT
Dark matter particles with properties identical to dark matter candidates that are hinted at by
several international collaborations dedicated to experimental detection of dark matter (DAMA, CO-
GENT, CRESST and CDMS-II, although not, most notably, by LUX), and which also have a dark
matter asymmetry identical to the observed baryon asymmetry (Planck and Wilkinson Microwave
Anisotropy Probe), may produce a significant impact on the evolution of the first generation of low-
metallicity stars. The lifetimes of these stars in different phases of stellar evolution are significantly
extended, namely, in the pre-main sequence, main sequence, and red giant phases. In particular,
intermediate-mass stars in the red giant phase experience significant changes in their luminosity and
chemical composition. The annihilations of dark matter particles affect the interior of the star in
such a way that the 3α−reaction becomes less efficient in the production of carbon and oxygen. This
dark matter effect contradicts the excess of carbon and other metals observed today in stars of low
mass and low metallicity. Hence, we can impose an upper limit on the dark matter halo density, and
therefore on the redshift, at which the first generation of low-metallicity stars formed.
Subject headings: cosmology: miscellaneous– dark matter – elementary particles – stars: early-type –
stars: low-mass
1. INTRODUCTION
The role of dark matter (DM) in the history of the uni-
verse, in particular from 400 thousand years up to one
billion years after the big bang, is well known. As the
universe cools down, protons and electrons combine to
form neutral atoms of hydrogen and helium. As a result,
the universe becomes opaque to most of the radiation
and enters into a period known as the dark ages. During
this time, DM and baryons form the first gravitation-
ally bound structures (e.g., Tegmark et al. 1997), includ-
ing the first stars, also called Population III stars (e.g.,
Barkana & Loeb 2001). Within a billion years after the
big bang, these stars light up, most likely re-heating
and re-ionizing the intergalactic medium, and the uni-
verse becomes dominated by an ionized plasma once
again (Abel et al. 2002; Haiman & Loeb 1997). These
massive stars collapse, leading to the formation of super-
novae and black holes, (Ritter et al. 2012), enriching the
interstellar medium with metals, and triggering the for-
mation of the first generation of Population II stars with
low metallicity (Ritter et al. 2012). Among them are rare
low-mass stars that can possibly be observed today. Al-
though the contribution of the DM to the gravitational
field when these first generation stars are formed is rel-
atively well understood, the interaction of DM particles
with baryons is not well known, mainly due to the un-
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certainties in the basic properties of such fundamental
particles.
Stars of low mass and low metallicity are among the
best known relics of the first generation of stars (Ritter
et al. 2012; MacDonald et al. 2013; Bond et al. 2013;
Yong et al. 2013), therefore, they can be used to test
the impact of annihilating DM from the formation and
evolution of such stars. Although, low-mass stars form
quite rarely, due to their long life span they are among
the first stars and are the best candidates to probe Pop-
ulation III. A star with a mass of 0.8M⊙, formed in the
early universe, would still shine today, and would be eas-
ily recognized by its electromagnetic spectrum, because
it would show evidence of hydrogen, helium and lithium
lines, as well as a few very weak metal lines (Caffau et al.
2011; Spite et al. 2013; Caffau et al. 2012). This is a con-
sequence of these stars being formed from material that
has a composition very close to that composition of the
universe as it emerged from the big bang.
The experiments dedicated to direct DM searches have
been quite successful at restraining the parameter space
of DM particles. In particular, by putting strong con-
straints on the masses of the DM particle candidates,
as well as on the scattering cross section of DM parti-
cles with baryons. Nevertheless, quite recently, several
international collaborations (e.g. DAMA, COGENT,
CRESST: Bernabei et al. 2010; Aalseth et al. 2011; An-
gloher et al. 2012) have reported experimental hints of
the existence of a DM particle of low mass, with a mass
value in the range of 5 GeV – 10 GeV. This evidence
is reinforced by recent results obtained by the CDMS-II
collaboration that suggests the most likely mass of the
weakly interacting massive particle (WIMP) is on the
order of 8.6 GeV (Agnese et al. 2013). Nevertheless,
these results are still controversial, given that other ex-
periments, such as the XENON100 collaboration (Aprile
et al. 2012), do not confirm such positive results. Most
2recently, the LUX collaboration have published their first
results (Akerib et al. 2013): for DM particles. They pro-
vide upper limits: at a mass of 33 GeV, the upper limit
on the spin-independent scattering cross section corre-
sponding to the elastic collision of DM on nuclei is set at
8× 10−46 cm2.
One of the most exciting challenges in modern cosmol-
ogy and particle physics is to identify the fundamental
nature of DM particles. To discover how DM interacts
with baryons (Turck-Chieze & Lopes 2012), and in par-
ticular, to explain how it may have contributed to the
formation of the first stellar populations.
The impact of DM on stars in the primordial uni-
verse (Scott et al. 2011; Spolyar et al. 2009; Natarajan
et al. 2009; Freese et al. 2008), and in the local uni-
verse (Casanellas & Lopes 2013, 2011b), including the
center of our Galaxy, has been addressed by several au-
thors (Casanellas & Lopes 2011a, 2009). In particular,
some of these papers have helped to set important con-
straints on the parameters of symmetric and asymmetric
DM. Both the Sun, by means of helioseismogy (Lopes
& Silk 2010b; Turck-Chieze et al. 2012) and solar neu-
trinos (Lopes & Silk 2010a, 2012a,b), as well as neutron
stars (Kouvaris 2012; Kouvaris & Tinyakov 2011; Kou-
varis 2008), are among the most useful stellar objects to
constraining the properties of DM.
In this work, we study the impact of light DM particles
in the evolution of low- and intermediate-mass stars. In
particular, we choose to focus our study on a class of par-
ticles that have properties in common with recent hints
of direct detection of DM candidates, but also belong to
a theoretical class of DM particles, known as asymmetric
χχ¯-DM particles (Lopes & Silk 2012a). These particles,
like WIMPs, are neutral, cold, massive particles that in-
teract with baryons through a mechanism identical to
weak interactions. However, unlike ’classical’ WIMPS,
these can be Dirac particles, i.e., particle (χ) and an-
tiparticle (χ¯) are not the same. This type of χχ¯-DM
particle, like baryons, also has an asymmetry parameter
ηDM of identical value to the observed value of the baryon
asymmetry parameter ηB.
2. PROPERTIES OF χχ¯-DARK MATTER AND BARYONS IN
PRIMORDIAL MOLECULAR CLOUDS
Current cosmological observations suggest that the
matter in the universe is a mixture of DM particles
and baryons. Precise measurements of the DM and
baryon matter densities from the Planck mission (Ade
et al. 2013) give ΩDMh
2 = 0.1161± 0.0028 and ΩBh
2 =
0.02220 ± 0.00025, and from theWilkinson Microwave
Anisotropy Probe (WMAP) mission (Bennett et al. 2013)
give ΩDMh
2 = 0.1138 ± 0.0045 and ΩBh
2 = 0.02264 ±
0.0005. Furthermore, the observational baryon asymme-
try ηB is also known with relatively good accuracy (Ben-
nett et al. 2013; Ade et al. 2013; Larson et al. 2011; Ko-
matsu et al. 2011). In particular, Bennett et al. (2013)
estimate a proxy for ηB, the baryon/photon ratio, to be
of the order of (6.19± 0.14)× 10−10.
In spite of the fact that the origin of DM in the pri-
mordial universe is not well-known, the nucleosynthesis
mechanisms related to the production of light elements
is well understood. Recent calculations of standard big
bang nucleosynthesis (Coc et al. 2012), including a com-
plete network of more than 400 nuclear reactions, pre-
TABLE 1
χχ¯−dark Matter Particles
mDM
a ηDM
b 〈σv〉DM Ωχh
2 Ωχ¯h2
(GeV) (10−10) (10−24 cm3 s−1) (%) (%)
10 0.0001 1.6 50 50
10⋆ 0.050 1.5 55 45
10 0.155 1.6 63 37
10 0.141 1.7 68 32
10 0.399 8 100 0
100⋆⋆⋆ 0.0001 1.6 50 50
100⋆⋆ 0.0100 1.5 55 45
100 0.0185 1.6 64 36
100 0.0224 1.8 78 22
100 0.0407 9 100 0
1000 0.0001 1.7 50 50
1000 0.0008 1.9 60 40
1000 0.0013 1.9 67 33
aThe ⋆ footnote on mDM indicates the DM particles for which
their impact on the evolution of a few stars was computed (see
Figure 2).
bThis value is of the same order of magnitude as the ηB = (6.19±
0.14)× 10−10 (Bennett et al. 2013).
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Fig. 1.— Isocurves of the relic DM density ΩDMh
2 as a function
of the asymmetry parameter ηDM and the s-wave annihilation cross
section 〈σv〉DM. The cosmological models were computed for χχ¯-
DM particles with mDM = 10 GeV, gχ = 2, and g⋆ = 86.25 (Dent
et al. 2010). The green-blue lines define the set of cosmological
models that are compatible with the present relic DM density mea-
surements: ΩDMh
2 = 0.1161 ± 0.0028 (Ade et al. 2013; Bennett
et al. 2013). Also shown are two other sets of χχ¯−DM models com-
patible with the observations: (1)mDM = 100 GeV and g⋆ = 96.25
(magenta-cyan curves), and (2)mDM = 1000 GeV and g⋆ = 106.75
(yellow-cyan curves).
dict an abundance of light elements in agreement with
WMAP and Planck data, and a negligible production of
heavy elements. The ratio of carbon, nitrogen and oxy-
gen relative to hydrogen is of the order of 10−15. In
particular, the prediction of the abundances of light ele-
ments D, 3He, 7Li and 4He (e.g., Cyburt et al. 2001, 2008;
Coc & Vangioni 2010) is consistent with the observed val-
ues of the baryon relic density and baryon asymmetry.
Among the light elements, the helium abundance is the
most precisely observed primordial abundance. The cur-
rent value for the helium mass fraction Yp measured by
3the Planck mission is 0.24770±0.00012 (Ade et al. 2013).
This value is consistent with the helium abundance deter-
mined by observations of extragalactic HII regions (e.g.,
Aver et al. 2010), Yp = 0.2566 ± 0.028. The difference
between the observed values is attributed to the initial
enrichment of helium by the first population of massive
stars.
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Fig. 2.— Hertzsprung-Russell diagram - Evolutionary tracks of
stars with Z = 10−5. The black curves correspond to paths of
stars (M/M⊙ = 0.6, 0.7, 0.8, 1.0, 1.6, 1.8, 2.0, 3.0, 4.0, 5.0) that form
in a classical scenario of stellar evolution (without DM). The color
curves correspond to the paths of stars with mass, M , forming
in DM halo of density, ρDM, and constituted of particles of mass,
mDM (see Table 1). (a) mDM = 10
⋆ GeV: ρDM = 10
8 GeV cm−3
and M = 1.0, 1.2 M⊙ (yellow curve); ρDM = 10
7 GeV cm−3 and
M = 0.6, 0.7 M⊙ (blue curve); ρDM = 10
7 GeV cm−3 and M =
1.6, 1.8, 2.0 M⊙ (magenta curve); ρDM = 10
10 GeV cm−3 and
M = 0.8, 1.0, 4.0, 5.0 M⊙ (cyan curve), (b) mDM = 100
⋆⋆ GeV:
ρDM = 10
8 GeV cm−3 and M = 3.0, 4.0, 5.0 M⊙ (red curve); (c)
mDM = 100
⋆⋆⋆ GeV: ρDM = 10
8 GeV cm−3 andM = 2.0, 3.0M⊙
(green curve).
Several authors have proposed that the DM observed
today was produced in the early universe by a mecha-
nism identical to baryogenesis (e.g., Carena et al. 2009;
Dutta & Kumar 2011; Gu et al. 2011). Likewise, during
this early phase of the universe, an asymmetry between
particles and antiparticles of DM arises, which is similar
to the asymmetry between baryons and antibaryons, re-
sulting in a substantial excess of DM today. In this class
of cosmological models, the DM is composed of a mixture
of particles (χ) and antiparticles (χ¯) of mass mDM (e.g.
Iminniyaz et al. 2011; Drees et al. 2006). In particular
the population of DM particles and antiparticles in the
current universe is such that ΩDM = Ωχ+Ωχ¯, where Ωχ
and Ωχ¯ are the relic density of DM particles and antipar-
ticles. Among other properties, these particles are also
characterized by gχ, the number of internal degrees of
freedom, and g⋆, the effective number of relativistic de-
grees of freedom. Furthermore, the asymmetry between
DM particles and antiparticles is defined by the asym-
metric parameter ηDM which is the equivalent of ηB for
baryons (Lopes & Silk 2012a). We will restrict our study
to the case of DM particles with the 〈σv〉DM annihilation
rate corresponding to the pure s-wave annihilation chan-
nel. The case of the p-wave annihilation channel leads
to identical results. A detailed discussion can be found
in Lopes & Silk (2012a).
In this work, we study the impact of this new DM par-
ticle candidate on the evolution of low-metallicity stars
of low and intermediate masses. It is worth noticing that
the results obtained here are relevant for a large number
of DM particle types. Figure 1 shows the present ΩDMh
2
of several cosmological models of DM particles with a
mass of 10 GeV and different values of ηDM and 〈σv〉DM.
As shown, only a small set of models have a value of
ΩDMh
2 that is consistent with present day observations.
We also indicate other sets of models corresponding to
particles with a mass of 100 GeV and 1000 GeV, which
are also compatible with the observed value of ΩDMh
2.
Table 1 presents the numerical values for a few of these
sets of models. These results show that for models with
very low values of ηDM, there is no distinction between
models with particles of different masses, but for larger
values of ηDM this differentiation is very clear. This
means that in symmetric χχ¯-DM models (low value of
ηDM), the annihilation channels are independent of the
particle’s mass. However, this dependence becomes vis-
ible for strongly asymmetric χχ¯-DM models (high value
of ηDM). Actually, the maximum value, ηDM, of a given
set of models, consistent with ηB (WMAP and Planck
observations), depends strongly on the mass of the DM
particle. In the cases shown, these correspond to the
values 7×10−13, 7×10−12, and 7×10−11 for the cosmo-
logical models containing particles with masses of 1000,
100, and 10 GeV, respectively. In fact, it is interesting
to note that χχ¯−models with mDM = 10 GeV and high
ηDM (strongly asymmetric DM particles) are the ones for
which the ηDM is closer to the observational value of ηB
(see Table 1). Unfortunately, there are no reliable con-
straints on the annihilation rate 〈σv〉DM. Although, it is
not directly comparable to this study, it is worth men-
tioning that, by using Milky Way satellites galaxies, the
Fermi Collaboration (Ackermann et al. 2014) have put
a constraint on the thermal-averaged annihilation rate
to be less than 3 × 10−26cm3s−1, for mDM ≤ 10 GeV in
the bb¯ channel, and for mDM ≤ 15 GeV in the bb¯ and
τ τ¯ channels. It is interesting to note that this value of
the annihilation rate 〈σv〉DM is two orders of magnitude
below that of the DM model discussed in this work.
We emphasize that the DM model with mDM =
100∗∗∗ GeV corresponds to symmetric (Majorana) DM
particles for which Ωχ = Ωχ¯ ≡ 50% (see Table 1). How-
ever, unlike in classical DM models, in this case the DM
presents a certain degree of asymmetry, ηDM which can
vary between 10−14 to 10−11 a few orders of magnitude
smaller than the observed value of ηB. Finally, we note
4that symmetric DM, as found in most of the literature,
corresponds to a very low value of ηDM and a very high
annihilation rate 〈σv〉DM. Similarly, asymmetric DM
corresponds to a very high ηDM and very low annihila-
tion rate 〈σv〉DM. In the following sections, we will study
the impact on stellar evolution of a set of a few candi-
date DM particles, for which ΩDM is consistent with the
current observations (see Figure 1).
3. EVOLUTION OF STARS IN LOW-METALLICITY
ENVIRONMENT IN THE EARLY UNIVERSE
Current models of primordial stellar formation suggest
that the first generation of stars formed in DM mini-
halos at a redshift of z ∼ 20 – 70, as part of binary or
higher-order multiple stellar systems (Turk et al. 2009;
Clark et al. 2011; Greif et al. 2011). The very first of
these stars would have formed at z ∼ 65. They are ex-
pected to be massive or very massive stars with M ∼ 10
– 100 M⊙ (Naoz et al. 2006; Fialkov et al. 2012; Visbal
et al. 2012). Numerical simulations at high-resolution on
small scales suggest that these stars formed within high
density DM halos with a total mass of 106M⊙ (Abel
et al. 2002; Bromm et al. 1999). These massive stars
have a very short lifetime, of just a few million years,
and their very rapid evolution terminates as a collaps-
ing black hole or an exploding supernova, enriching the
interstellar medium with metals, at least in the latter
case. Just afterward, a second generation of stars forms
within these molecular clouds, which are believed to be
the birth place of the low-mass, low-metallicity stars ob-
served today.
In the following, we will study the impact that χχ¯-DM
will have on the evolution these stars, which are consid-
ered to be formed in primordial molecular clouds with
a large amount of DM. The baryons will be mainly hy-
drogen and helium with a very small amount of heavy
elements. We choose the initial abundance of helium
to be Yp = 0.25 and the metallicity to be Z = 10
−5.
We noticed that the difference of 3.5% between the two
observational determinations of Yp (as discussed in the
previous section) has a minor impact on the evolution
of such low-metallicity stars. The relative abundance of
particles and antiparticles in the molecular cloud is pro-
portional to the relic density of particles and antiparticles
in the local universe (see Figure 1 and Table 1).
The capture of DM from the hosting halo by a star
proceeds by two mechanisms: adiabatic contraction, a
process by which protostars form in the center of dense
DM halos, generating a local enhancement of the DM
density in the core of the star caused by the increasing
gravitational influence of the gas collapsed at the center
of the halo (Spolyar et al. 2008), and the gravitational ac-
cretion of DM by the star (throughout its lifetime) from
the hosting halo (Lopes et al. 2002; Casanellas & Lopes
2009; Scott et al. 2009), which is the leading process dis-
cussed in this paper.
Therefore, the amount of DM captured by the star
depends explicitly, among other quantities, on the local
density of DM where the star is formed ρDM, the mass
of the DM particle mDM, the annihilation rate 〈σv〉DM,
and the scattering cross section of DM with baryons.
This cross section describes the collision of the DM parti-
cles with hydrogen and heavier elements, usually referred
to as the spin-dependent or spin-independent scattering
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Fig. 3.— Energy rates during the evolution of low-metallicity
stars (Z ∼ 10−5 Z⊙) of 4.0 M⊙, 2.0 M⊙, and 0.7 M⊙ (from top
to bottom). The dashed curves correspond to the stellar evolution
of a star without DM, and the continuous curves correspond to
the evolution of a star within a DM halo (see Table 1 for DM
properties): (a) case M = 4.0 M⊙ (red curve in Figure 1), with
mDM = 100
⋆⋆ GeV and ρDM = 10
7 GeV cm−3; (b) case M =
2.0 M⊙ (green curve in Figure 1), with mDM = 100
⋆⋆⋆ GeV and
ρDM = 10
8 GeV cm−3; (c) case M = 0.7 M⊙ (blue curve in
Figure 1), with mDM = 10
⋆ GeV and ρDM = 10
6 GeV cm−3; The
curves are as follows: ǫt (black curve), ǫg (red curve), ǫpp (blue
curve), ǫcno (green curve), ǫ3α (cyan curve) and ǫDM (magenta
curve).
cross-section, σSD and σSI (Lopes & Silk 2012a). It fol-
lows that the total number of particles, Nχ, and antipar-
ticles Nχ¯, that accumulate inside the star at a certain
epoch is computed by numerically solving the system of
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Fig. 4.— Time spent on the main sequence and post-main se-
quence by stars of different masses, evolved embedded within a
DM halo. The properties of the stars and of the DM halos are de-
scribed in Figures 1 and 2. The color scheme used is the same as in
Figure 2. The vertical line corresponds to the age of the universe,
13.798 ± 0.037 Gyr (Ade et al. 2013).
coupled equations.
dNi
dt
= Ci − CaNχNχ¯ − CeNi, (1)
with i being χ or χ¯. The constant Ci gives the rate of
the capture of particles (antiparticles) from the DM halo,
Ca gives the annihilation rate of particles with antipar-
ticles, and Ce gives the evaporation rate of DM particles
from the star (Griest & Seckel 1987). Nevertheless, as
we restrict our analysis to particles with a mass larger
than 7 GeV, the evaporation rate is negligible (Gould
1990). Furthermore, we also neglect the capture rate of
DM particles scattering off other DM particles already
accreted by the star (Zentner 2009). The capture rate
of particles (antiparticles) by the star at each step of
evolution is computed numerically from the expression
obtained by Gould (1987) as implemented by Gondolo
et al. (2004). The description of how this capture pro-
cess is implemented in our code is discussed in Lopes
et al. (2011).
Following the capture of DM by the star, its evolu-
tion is affected by two DM-related physical mechanisms:
a new energy transport mechanism that removes energy
from the core of the star, and an extra source of energy
resulting from DM annihilations. In DM halos of high
density, the latter mechanism always outperforms that
of DM energy transport, making any effects of the latter
process negligible. Nevertheless, both physical mecha-
nisms are included in our numerical computations.
The annihilation of DM particles occurring inside
the star injects several particle species into the stel-
lar plasma, among others, energetic photons γ’s, elec-
tron/positron pairs e±’s, neutrinos ν’s, muons µ±’s, pi-
ons π’s, nucleons and anti-nucleons, N ’s and N¯ ’s, and
gauge bosons Z’s andW±’s. The unstable particles, such
as π’s, µ’s, Z’s and W±’s will rapidly decay into more
stable particles. We assume that most of these particles,
except for neutrinos, interact either by electromagnetic
or nuclear strong forces with the local baryons, as they
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Fig. 5.— Variation with time of the mass fraction of H (dotted
line), 4He (dashed line) and 12C (continuous line) and temperature
(continuous line) in centre of star. The black curves correspond to
the evolution of the star without DM, and the colour curves to
the evolution of the star within a DM halo: (a) M = 2.0 M⊙
(green curve, Figure 2.(c)-green curve); (b) M = 3.0 M⊙ (red
curve, Figure 2.(b)-red curve). (c) M = 4.0M⊙ (cyan curve, Fig-
ure 2.(b)-red curve). The colour scheme is consistent with Figure 2.
have very short mean free paths. These particles rapidly
reach thermal equilibrium with the rest of the plasma.
Overall, these χχ¯-annihilation channels provide the stel-
lar core with an additional source of energy. The energy
generation rate ǫDM due to χχ¯−DM pair annihilation is
given by
ǫDM(r) = fDMnχnχ¯ρ
−1〈σv〉DM (2)
in units of energy per mass per time (erg g−1 s−1), where
nχ and nχ¯ are the density number distribution of χ and
χ¯ DM particles, and ρ is the radial profile of density
inside the star. The coefficient, fDM, corresponds to the
fraction of annihilation channels that are absorbed by the
stellar plasma, which we set equal to 2/3. The remaining
1/3 corresponds to energy lost in the form of neutrinos.
Actually, more precise particle physics models suggest
that the energy lost is of the order of 10% (Scott et al.
2009).
In agreement with hints from present day direct
DM search measurements (e.g., DAMA, COGENT,
CRESST,CDMS-II; Bernabei et al. 2010; Aalseth et al.
2011; Angloher et al. 2012; Agnese et al. 2013), the
fiducial DM particle in our simulations has a mass of
10 GeV, the scattering cross section of baryons is such
6that σSD = 10
−41 cm2 and σSI = 10
−41 cm2. A de-
tailed account of the sensitivity of the evolution of the
star to σSD and σSI can be found in Lopes et al. (2011).
The values of ηDM and 〈σv〉DM were chosen in agreement
with the current observation of ΩDMh
2. We have also
computed stellar models for DM particles with a mass
of 100 GeV. Other properties of the DM particles are
shown in Table 1. The results obtained are consistent
with previous estimations done for the case of symmet-
ric DM models (Casanellas & Lopes 2009; Freese et al.
2008; Scott et al. 2009; Fairbairn et al. 2008).
In this work, we compute numerically for the first time
the impact of DM particles and antiparticles for different
values ηDM and 〈σv〉DM (see system of Equation (1) and
Table 1). Figure 2 shows the HertzsprungRussell (H–
R) diagram of several stars (0.6− 5M⊙) evolving within
different χχ¯-DM halos. The presence of DM in the stellar
cores visibly affects the evolution of the star (notably,
luminosity, radius, and temperature) at different phases
of its evolution. The density of the DM halo, the relative
proportion of DM particles and antiparticles and the DM
annihilation rate are the most important factors affecting
the evolution of the star. If the star forms in a dense DM
halo, constituted by DM with identical proportions of
particles and antiparticles (i.e., ηDM is small) and a large
annihilation rate, the extra source of energy provided by
DM annihilations, ǫDM, becomes competitive with other
sources of energy (see Figure 3). Otherwise, the energy
produced by DM annihilations is negligible.
These results show that stars formed in molecular
clouds with this type of asymmetric DM have a modi-
fied evolution path in the H-R diagram. This is valid for
low-mass stars, as pointed out previously for the case of
symmetric DM (Scott et al. 2009; Casanellas & Lopes
2009; Freese et al. 2008; Spolyar et al. 2008), but, as
shown here, it is also very important for intermediate-
mass stars. In general, more massive stars require
a large amount of DM to affect their luminosity (see
Figure 3). We found that for low-mass stars (with
M = 0.6M⊙) the luminosity changes for DM halos
with ρDM ≥ 10
7 GeVcm−3 and for intermediate-mass
(with mass M =2–5 M⊙). This effect is observed when
ρDM ≥ 10
8 GeVcm−3.
In general, the total luminosity of the low- and
intermediate-mass stars is affected in a different way in
the various phases of their evolution. As shown in Fig-
ure 1, the luminosity of a low-mass star is reduced dur-
ing the pre-main, main sequence, and red giant phases
(stars with 0.6 − 0.7 M⊙ blue lines). However, the lu-
minosity of an intermediate-mass star is reduced during
the pre-main and main sequence phases (stars with 3—4
M⊙ cyan lines), but increases during the red giant phase
(stars with 2–5 M⊙ red and green lines). In the case of
intermediate-mass stars in the red giant phase, the lumi-
nosity changes by a factor of several orders of magnitude
(stars with 2 M⊙ and 5 M⊙ red and green lines). This
could present a very interesting target for future obser-
vational surveys.
In certain stellar evolution scenarios, the ǫDM almost
balances the gravitational contraction of the star. sStars
in the pre-main sequence phase evolve very slowly toward
the main sequence, and stars in the main sequence and
the red giant phase follow a similar evolution pattern. As
a consequence the life of low- and intermediate-mass stars
is largely extended. In an extreme case scenario, the star
could stay in the same phase of evolution infinitely long
(see Figure 4). Typical examples are stars with a mass
of 3 M⊙ and 1.0 M⊙, in the first case, the star could
extend its life in the red giant phase by a factor three
due to its slow evolution during this phase (see Figure 4,
star with M = 3.0 red line), and in the second case, the
star could live longer than the present age of the universe
(see Figure 4, star with M = 1.0 yellow line).
The diminution of the evolution time step due to the
presence of DM inside a star affects its chemical compo-
sition. This process is particularly relevant during the
red giant phase of an intermediate-mass star.
In a classical scenario of evolution (without DM), as
the star departs from the main sequence (when the hy-
drogen burning has finished), the star experiences a grav-
itational contraction of its internal layers and an expan-
sion of its external layers, which leads to a significant
increase of its core temperature and surface luminosity.
These temperature increases trigger 3α-nuclear reactions
that, in turn, lead to the production of 12C and 16O
in the stellar core. In the case of stars formed within
an enriched DM environment, the evolution is identical
to the previous case but with a difference: the gravita-
tional contraction during the red giant phase is slowed
down, leading to a much longer phase. The ignition of
3α-nuclear reactions and subsequent production of 12C
is retarded. Figure 5 shows the production of H , 4He
and 12C and the central temperature during the red gi-
ant phase of stars with mass 2 – 5 M⊙. For example, in
the case of a star with a mass of 4 M⊙ that has a red
giant phase with a time span of 10 Myr, if the star forms
in a DM halo the time span is 100 Myr (see Figure 5).
Therefore, the production of chemical elements like 12C
proceeds at a lower rate. This effect is contrary to the
chemical anomalies observed in the first generation of
stars. Abundance anomalies have been observed in up
to a third of extremely low metallicity stars (Yong et al.
2013). The C-enhanced stars are also O-rich (Na, Mg,
and Al are enhanced) and the conventional explanation
appeals to the mass accretion following supernovae ex-
plosion after nucleosynthesis and the selective fall-back
of zero heavy element massive stars (Norris et al. 2013).
Therefore, these observational constraints set an upper
limit to the density of the DM halo where these stars
formed. For example, low-metallicity stars with a mass
smaller than 1 M⊙, cannot form in DM halos with a
density larger than 107 GeVcm−3, otherwise, contrary
to observation, these stars will be deficient in metals.
4. CONCLUSIONS
We have studied the impact of light asymmetric DM
particles in the evolution of the first generation of low-
and intermediate-mass stars formed in a low metallicity
environment. We found that the most suitable candi-
date is a DM particle with a mass of 10–100 GeV with
a DM asymmetry close to the baryon asymmetry. De-
pending on the specific DM properties of the molecu-
lar cloud where these stars are formed, this type of DM
could have a major impact on their evolution, by chang-
ing their luminosity, chemical composition, and lifetimes
in the different stellar evolution phases. The most obvi-
ous impact of asymmetric DM in the evolution of a star is
7the extension of their lifetimes resulting from slower evo-
lution through the different stellar phases, namely, the
pre-main sequence, main sequence and red giant phases.
Furthermore, stars formed in dense DM halos will be
at an earlier stage of evolution than stars formed in less
dense halos. Equally, a larger amount of DM is necessary
to affect the evolution of more massive stars. In partic-
ular, we found that for intermediate-mass stars evolving
in relatively mild DM halos, unlike low-mass stars, their
luminosity decreases at the end of the main sequence
phase, and increases at the beginning of the red giant
phase (see Figure 2).
One of the most interesting consequences that we have
found is related to the change in of the chemical com-
position of intermediate-mass stars during the red giant
phase. The annihilation of DM significantly increases the
lifetime of the star in the red giant phase, reducing the
time step of the temperature increase and consequently
reducing the efficiency of 3α-nuclear to produce 12C and
16O. Contrary to this evolution scenario is the fact that
some of the low-mass stars known to be among the old-
est stars in the universe present an excess of chemical
elements such as carbon and oxygen, despite their very
small metallicity. Therefore, this provides a constraint
on the density of the DM host halos.
The possible discovery of primordial stars of interme-
diate mass and low metallicity is theoretically possible as
DM can extend the lifetimes of these stars, which would
constitute a strong indication of the influence of DM on
the formation of these first generations of stars. Other-
wise, the proof of no-existence of such stars provides a
strong constraint on the properties of the hypothesized
DM particles.
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